Twenty patients with cardiac rupture were compared with suitable control groups. In each ruptured heart there was an acute coronary artery occlusion and a recent, transmural myocardial infarction which was unprotected at the site of rupture by scar or anastomotic circulation. Clini 
Twenty patients with cardiac rupture were compared with suitable control groups. In each ruptured heart there was an acute coronary artery occlusion and a recent, transmural myocardial infarction which was unprotected at the site of rupture by scar or anastomotic circulation. Clini The term myocairdial rupture usually denotes a complete, acquired defect through the muscular wall of one or more cardiac chambers. It, therefore, includes perforation of the interventiicular or interauricular septum but does not refer to incomplete myocardial tear or rupture of the coronary arteries, coronary veins, cardiac valves, papillary muscles, chordae tendineae or aorta. In the absence of extracardiac causes rupture is said to be spont aneious.
METHODS AND MATERIALS
Between 1936 and 1950 a total of 1641 autopsies were performed at the Beth Israel Hospital, Boston, in which the hearts were adequately studied by a special technic of injection plus dissection of the coronary arteries.2 Briefly this method consisted of (1) injecting a ra(liopaque lead agar mass of (lifferent colors into the main coronarv arteries, (2) unrolling the heart so that its entire arterial tree lay in one plane, (3) taking a roentgenogritam of the unrolled heart, an(l (4) carefully (lissecting the coronary arteries, using the film as a guide. With the aid of this special technic precise data concerning occlusions and narrowings in the coronary arteries and interarterial anastomotic pathways were ohtained. The methods by which such occlusions, narrowings and interarterial anastomoses were (Ietermined have been described previously. 2 In this series of 1641 injected hearts 19 instances of spontaneous myocardial rupture were found. In 14 of the ruptured hearts, multiple, carefully localized histologic sections of the mvocardium were also available. M\yocardial fibrosis and recent infarction were graded in these sections as absent, slight, moderate or marked. A twentieth ruptured heart that came from another hospital* was studied in the same way and is included in this report.
The method of study and the technic used to record the data are illustrated in figures 1, 2A, 2B. In ever! one of these 20 ruptured hearts a recent myocardial infaret was found. Therefore, a similarly studied, control group of 104 hearts with fresh infarets in which rupture did not occur was examined for comparative purposes. The clinical records of these 124 patients and of 104 additional patients who survived an episode of acute mvocardial infarction were also carefully reviewed.
PATHOLOGIC OBSERVATIONS 1. Incidence of Rupture. The entire series of 1641 injected hearts contained 261 histologically proven acute infarcts including the 19 with rupture. Thus, the incidence of rup-ture was 1.2 per cent in the autopsy population and 7 per cent in the group with acute infarct ion.
2. Location and Size of Rupture. The ruptures were limited to the left ventricle and septum (fig. 1) ; six ruptures were through the anterior and nine through the posterior left ventricular wall; of five interventricular septal ruptures, one was anterior and four were posterior. The ruptures were extremely variable in size and shape on both epicardial and endocardial surfaces. Some were ragged, gaping holes, some linear slits and still others exhibited a V-shaped external opening. The tears on the epicardial surface were easily found and varied in length from 3 to 30 mm. The endocardial origin of the ruptures were often small and hidden behind trabeculae carneae; frequently they were demonstrated only after careful probing.
3. Heart Weight. The weights of the hearts in this series are presented in table 1 coronary artery occlusions was a high incidence of fresh occlusions in hearts with rupture. In every one of the 20 ruptured hearts there was a fresh occlusion in the coronary artery system; on the other hand fresh occlusions were present in only half of the nonruptured controls (table 2). The transmural path of rupture, however, was not usually confined to a zone of infarction but traversed some noninfareted myocardium. In every ruptured heart with multiple sections fresh infarction was found to ex- clinics, by private physicians or in the hospital; they were subject to the many influences that inevitably prevail under these variable circumstances.6 In the total series of 124 patients there were 13 in whom the usual blood pressure level could not be determined. These 13 equivocal cases, one of which occurred in the rupture group, were excluded from the present Furthermore, the duration of effort, its time of occurrence and associated circumstances may be of critical importance for its effect in producing myocardial rupture. In the face of these difficulties it was decided to limit analysis of this factor to "unusual" effort during the last 24 hours of life. Although use of the bedpan is associated with increased effort7' 8 and although one of the patients with cardiac rupture actually expired on the bedpan, such activity was not included as unusual effort since it was so common among most patients hospitalized for acute infarction. Patients who were psychotic or sufficiently disturbed to require restraints or heavy sedation, patients who refused to stay in bed and those who were put through strenuous diagnostic procedures when the diagnosis of infarction had not been entertained, were considered to have experienced "unusual" effort.
In 12 of the 124 patients the presence or absence of unusual effort in the last 24 hours of life could not be determined: all 12 were in the control group. Sixty-one per cent of the patients with rupture and 24 per cent of the control patients experienced unusual effort (table 5) . This is a significant difference. Of the 11 patients with rupture in whom unusual effort was noted within 24 hours of death, five were disturbed and psychotic, two refused to remain in bed, two were walking about, one had rapidly climbed three flights of stairs and one had undergone strenuous diagnostic tests during which marked elevations of the blood pressure had been recorded. 8 In many of the 35 control cases with unrecognized myocardial infarction, the coronary heart disease was overshadowed by more prominent clinical conditions such as cerebral and gastrointestinal hemorrhage, pneumonia, uremia, dis-secting aneurysm, surgical operations and pulmonary infarction. Furthermore, several of these clinically unnoticed infarcts were so small they were not recognized on gross pathologic examination but w-ere found only after microscopic study of the myocardium. 9 heparini, magnesium sulfate, testosterohe (case 101) and dicumarol (bishydroxycoumarin) were given to many of these patients with myocardial infarction. The evidence is inadequate that any of these drugs caused rupture. Experimental studies in dogs9 have indicated that dicumarol produces no adverse pathologic effects in freshly infarcted myocardium; clinical reports also have not shown this anticoagulant to be associated with an increased incidence of rupture.10 11 In one patient there was a striking temporal relation between the administration of a drug and cardiac rupture. This patient (case 2) was not suspected of having a myocardial infarction and was given 0.3 cc. of Pitressin (vasopressin) subcutaneously for the successful relief of abdominal distention; she died suddenly 65 minutes later from myocardial rupture and cardiac tamponade. Although the dose of Pitressin given to this patient was less than that recommended as a test for coronary insufficiency,'2 this drug is a profound coronary vasoconstrictor'3 and has produced myocardial damage in animals. '4 In man severe myocardial ischemia and sudden death have followed its administration. ' (table 5) .
-Hypertension and angina pectoris preceded the acute infarction in half, old infarction in one fourth and congestive failure in one twelfth of those who survived. Elevated blood pressure persisting during the acute infarction was found in only 16 per cent of the patients. Unusual effort, as previously defined, was rare during the acute illness (table 5) .
Hypertension and unusual effort were more frequent and old myocardial infarction was less common in the rupture group than among the other two groups. Since congestive failure, prior to the terminal infarction, was uncommon in the rupture group and in the survivors, patients who will die of rupture resemble closely patients who will survive such infarcts.
DISCUSSION
The series of ruptured hearts presented here differs from others previously reported in that the coronary arteries and myocardium were studied with an adequate injection technic and with multiple labelled microscopic sections. In addition a large group of nonruptured control hearts was also examined by the same methods. Finally, the clinical data in the group of cases with rupture and in comparable groups without rupture were correlated with the pathologic observations. This unique body of data has delineated a uniform pathologic substrate common to hearts with spontaneous myocardial rupture. -This substrate consists of an acute coronary artery occlusion and a recent myocardial infarct which is transmural, poorly supplied by collateral circulation and in which fibrosis is entirely absent in at least one area. Regardless of the presence elsewhere in the heart of myocardial fibrosis or collateral circulation from previous coronary artery obstruction, these pathologic criteria select hearts which are totally unprotected by scar or anastomosis at the site of the acute infarction.
Occasionally rupture may be produced by direct injury to the heart18; rarely the cause may be indirect trauma,'9 20 blast,2' infection22' 23, 24 or tumor. 25 In most reported instances, however, and as in all our cases, rupture took place through an area of recent myocardial infarction. Contrary to general belief cardiac rupture secondary to recent myocardial infarction is not a pathologic curiosity. It occurred in 9 per cent of 2609 patients who died with acute infarction in 29 general hospitals (table 6).
Rupture was found by others as well as ourselves to occur through large and small infarcts. 28 Finally, Edmondson and Hoxie28 noted that when scarring was present in the myocardium, the likelihood of rupture was only one-fourth as great as in unscarred hearts. These observations on the relation between rupture and acute and healed infarction are in accord with our own findings.
As in our series, rupture has been found usually to take place in a single tear through the left ventricle or less commonly through the interventricular septum. Rupture of the right ventricle does occur and has often been re- cardial infarction would seem to be a common factor responsible for the high incidence of rupture among these two groups of patients. (48) de la Chapelle (44) Edmondson (28) Wang (29) Foord (31) Wartman (32) Diaz-Rivera (34) MacDonald (36) Buckley (111) Benson (51) Cleland (39) Stewart (104) Beresford (103) Peterson (105) Snyder (79) Simiburg (107) Cicland (39) R.abson (110) Benson (51) Martland (55) Cleland (39) Jetter (108) 51, 55, 110 in whom antemortem diagnosis and bed rest are also uncommon. Severe physical effort after the onset of acute myoCleland39 compared the incidence of cardiac rupture in necropsies, all examined under the same auspices, from a general hospital, from mental institutions and from coroners' cases. He found a strikingly different incidence of cardiac rupture in the three groups: the lowest was in the general hospital population, and the highest in the coroners' series. We have arranged 21 reported series comprising 337 cardiac ruptures in a total of 80,089 necropsies according to Cleland's classification. The percentage of rupture was 0.26 in the general hospitals, 1.1 in the mental institutions and 1.6 in the coroners' cases (table 7) .
In comparison the number of ruptures in a special group reported by Jetter and White is of unusual interest.'08 They found an incidence of cardiac rupture of 14 per cent in a consecutive series of 115 necropsies performed on patients who died suddenly and unexpectedly in Massachusetts psychiatric hospitals. Although frequently referred to as evidence of the high incidence of rupture in mental hospitals, this series is, in fact, a doubly selected group in which the additive effect of coroners' cases and psychiatric patients is dramatically apparent.
Our own data are in agreement with the observations that hypertension and effort play a role in the production of cardiac rupture. In our series persistence of hypertension during the acute infarction or unusual effort during the last 24 hours of life were found in 15 of the 19 patients in whom these factors were determined. Among the remaining four, one had unusual effort 36 hours before death, and another three days before death. As mentioned earlier there were three hearts in the control group (cases 63, 65, 89) which were aside from the absence of rupture-pathologically indistinguishable from the hearts with rupture. In not one of these instances was either sustained hypertension or unusual effort present during the acute infarction. On the other hand, several patients in the control series exhibited sustained hypertension or unusual effort without rupture; the hearts of these patients, however, did not show the appropriate pathologic substrate for rupture. The necessary conditions, both pathologic and clinical, must be present before rupture will occur.
More than a century ago Quain"12 noted that the sexes were equally represented in his series of ruptured hearts. Since then others have noted a relatively high incidence of rupture among women. '9' 65, 79, 101, 103, 113 In general, however, relatively little attention has been given to the sex ratio among patients with rupture. We have reviewed several series of ruptured hearts from general hospitals but have excluded medical examiners' cases in which there is a marked preponderance of males.55" 114 This tabulation (table 8) confirms the equal sex incidence originally noted by Quain. Since coronary disease and myocardial infarction are more common in men"' the fact that the incidence of rupture is equal among the two sexes indicates that rupture is more prone to occur in the female who has an acute myocardial infarction.
The reported differences between the sexes in the extent of coronary disease"' and the presence of hypertension'23 assume significance because of the importance of these factors in the production of myocardial rupture. We have, therefore, reviewed 1018 unselected necropsies from the Beth Israel Hospital in which satisfactory injections of the coronary arteries were carried out. The sex, the number of hearts with old coronary artery occlusions, the number of occlusions per heart and the presence of hypertension, determined according to the criteria mentioned above, are presented in table 9 . Coronary artery occlusions were significantly more common among men and hypertension significantly more common among women.
It has already been demonstrated that rupture tends to occur in the hypertensive patient with minimal previous coronary disease. Since women fit these requirements more often than men, the relatively high frequency of rupture in women may be caused, in part, by these factors. Males predominate in groups of patients with angina pectoris,'24 myocardial infarction5ll' 19 or myocardial aneurysm.58 59 To our knowledge cardiac rupture is the only manifestation of coronary disease in which the usual male preponderance does not obtain.
It has long been noted that rupture tends to occur among older people. Gradually, it has become clear that the age of patients with rupture parallels that for myocardial infarction. In a review of men who died from coronary artery disease, Yater56 found that rupture occurred more often in the older age groups. He also found, however, that the incidence of hypertension increased with age in his series. Increasing hypertension, rather than coronary artery disease, may account for the higher incidence of ruptures among the older patients observed by him.
There is no fundamental difference in the pathogenesis of left ventricular and interventricular septal rupture. They have the same pathologic substrate and they appear in the same type of patient; their occurrence depends simply on the location of the infarct. Clinically, the important difference is in the mode of death; in the former exitus is rapid from cardiac tamponade; in septal rupture, death is less abrupt and usually results from congestive heart failure.
The antemortem diagnosis of ventricular wall rupture has rarely been made because of the rapidity of death. A fortuitous examination may reveal an unusual murmur125' 126 the absence of previous infarction that would have caused the development of collateral circulation and fibrous tissue to buttress the walls of the heart. Patients such as those who develop rupture are often regarded as mild cases wvho are doing well and, therefore, do not need strict limitation of activities. It is in just this type of mild uncomplicated case in whom the blood pressure does not drop appreciably from the usual level and in whom rest is not rigorously enforced that rupture is likely to occur. The "sick coronary" with marked depression of the blood pressure level, with carefully supervised and prolonged bed rest because of complicating illnesses or gross congestive heart failure and with effective sedation for restlessness, dyspnea or recurrent chest pain is less likely to develop cardiac rupture and more prone to die of extensive infarction.
The hypothesis that a heightened intraventricular pressure is necessary to produce rupture of a necrotic myocardium is susceptible to experimental study in laboratory animals. Spontaneous cardiac rupture in animals'39-'4' is rare. Cardiac rupture after experimental ligation of a coronary artery is also quite unusual. '42-'63 In a recent study involving inj ection of the coronary arteries and preparation of multiple microscopic sections,9 acute myocardial infarction was produced by acute coronary artery ligation in 31 dogs. Although most of these hearts showed the pathologic substrate for rupture, myocardial rupture did not occur. These dogs were permitted the routine activities of the animal farm but were not exercised or subjected to special strain postoperatively. Attempts are now being undertaken in this laboratory to produce rupture by inducing hypertension and subjecting animals to other types of strain following acute coronary artery ligation.
Persistent hypotension secondary to acute myocardial infarction is generally accepted as an ominous event that is at times treated successfully with pressor agents.'64 Similarly, hypertension persisting during an acute infarct may eventually be considered a threat to life serious enough to justify the use of pharmacologic agents that depress the blood pressure to normotensive levels. Although such therapy cannot be recommended at this time, a precedent for its use may be found in the successful treatment of hypertensive crises and toxemias of pregnancy with the veratrum alkaloids."6, For the present, rest and sedation in all patients with acute myocardial infarction will reduce cardiac work, perhaps lessen the extent of necrosis in ischemic areas and diminish the height of the intraventricular pressure. Avoidance of sudden or excessive exertion can be accomplished by cooperation of the patient, meticulous nursing care and conservative medical judgment. Since cardiac rupture accounts for almost one tenth of all deaths from acute myocardial infarction and occurs particularly in otherwise favorable cases, efforts to prevent rupture may increase appreciably the number of patients who make a good recovery from an initial myocardial infarction.
SUMMARY AND CONCLUSIONS 1. Twenty ruptured hearts were studied by a special technic consisting of injection and dissection of the coronary arteries and examination of multiple, carefully localized histologic sections of the myocardium. All 
